The reactivity of the N-heterocyclic carbene (NHC) 1,3-bis (2,6-diisopropylphenyl) (5); the latter represent the first NHC adducts of the parent silylium cation (H 3 Si + ). The multinuclear NMR and IR spectroscopic data of the products reflect the characteristics of four-, five-, and six-coordinate silane complexes. All new compounds were structurally characterized by single-crystal X-ray diffraction analyses.
Introduction
Hydridohalosilane adducts of the type L m SiH n X 4−n (L = Lewis base donor ligands, m = 1, 2; n = 1, 2, 3; X = Cl, etc.) with higher-coordinate silicon(IV) centers have scarcely been reported in the literature [1] , perhaps in part due to their poor solubility in common organic solvents [2 -4] . Over the last two decades several of these adducts (L = pyridine, substituted pyridine, NHC, m = 1, 2, n = 2; L = N, N -chelating ligand, m = 1; n = 1, 2) could be synthesized and structurally characterized [5 -12] . Recently, the application of N-heterocyclic carbenes (NHCs) as ligands towards trichlorosilane has led to impressive synthetic advances in organosilicon chemistry. For example, the reaction of NHCs led to dehydrochlorination and subsequent formation of the first isolable NHC-dichlorosilylene complex [13] . In addition, the reactions of NHCs with halosilanes SiX 4 ( X = F, Cl, Br) and R n SiX 4−n ( R = Me, Ph, n = 2, 3, X = Cl, I) have also been investigated, furnishing in most cases five-coordinate silicon(IV) adducts [14 -17] . Some of the thus-formed higher-coordinate silane complexes have proven to be important precursors for novel silicon compounds. Utilizing the fascinating donor ability and the steric protecting effect of NHCs, we recently succeeded in synthesizing several novel NHC-supported silicon species such as NHCstabilized silanones and dioxasiliranes [18 -20] . Recently, Roesky and coworkers investigated the different reactivity of so-called "normal" and "abnormal" NHCs toward dichloro-and trichlorosilane which revealed the first NHC-hydridochlorosilane adducts with five-and six-coordinate silicon atoms [8] . The latter study showed that an "abnormal" NHC is capable to facilitate the dismutation of trichlorosilane to give the corresponding NHC-dichlorosilane adduct and SiCl 4 . In addition, they reported that dichlorosilane reacts with the NHC 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene to give exclusively the corresponding bis-NHC adduct of H 2 SiCl 2 bearing a six-coordinated silicon(IV) atom. In our experiments we observed that even the mono-NHC complex of H 2 SiCl 2 can be isolated. Furthermore, we extended the reactivity studies of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene toward the triflate-substituted silanes H 3 SiOTf and H 2 Si(OTf) 2 (OTf = OSO 2 CF 3 ), aiming at synthesizing compounds with the NHC-stabilized parent silylium cation (SiH + 3 ) with four-and five-coordinate silicon atoms, and with the triflatosilylium cation (H 2 SiOTf + ), respectively.
Results and Discussion
As shown in Scheme 1, we anticipated three possible pathways for the reaction of the 1,3-bis-(2,6-diisopropylphenyl)imidazol-2-ylidene NHC with hydridosilanes of the type H n SiX 4−n which could furnish (a) neutral (NHC) m SiH n X 4−n adducts through simple addition (Scheme 1a), (b) [(NHC) m SiH n X 3−n ] + X − ion pairs by NHC-mediated salt formation (Scheme 1b), or (c) (NHC)SiH n−1 X 3−n adducts with divalent silicon through reductive elimination of HX by NHC (Scheme 1c). We now learned that the outcome of the reaction of the 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene with H 2 SiCl 2 , H 2 Si(OTf) 2 and H 3 SiOTf is depending on the nature of the substituents of the different hydrosilanes.
Step-by-step coordination of 1,3-bis (2,6- 
When a molar excess of H 2 SiCl 2 was passed through a solution of 1,3-bis(2,6-diisopropylphenyl)-imidazol-2-ylidene in toluene at −10 • C, the 1 : 1 adduct (NHC)SiH 2 Cl 2 (1) was formed immediately as the sole product (Scheme 2) as shown by the 1 H NMR spectrum of the resulting mixture at room temperature. The adduct 1 can be isolated in the form of colorless crystals in 85 % yield.
We further examined the reactivity of 1 towards a second equivalent of NHC to give the known hexacoordinate adduct 2 [8] . Indeed, this led to the (NHC) 2 SiH 2 Cl 2 adduct 2 as the sole product (Scheme 2). The formation of 2 is reminiscent to that of (NHC) 2 SiF 4 [21] . Consistent with the results of Roesky et al., the desired dehydrochlorination of 1 to form 2 could not be achieved even under drastic reaction conditions (refluxing toluene). This is in contrast to the reaction of 2 molar equivalents of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene with trichlorosilane, SiHCl 3 , which furnishes the corresponding NHC-dichlorosilylene complex [13] . Obviously, the lower proton acidity of SiH 2 Cl 2 hampers the desired HCl elimination in the presence of the NHC. As expected, the Si-H resonances in the 1 H NMR spectrum and the Si-H stretching vibration modes in the IR spectrum are diagnostic for such NHChydridosilane adducts 1 and 2. The proton resonance for the SiH 2 subunit in 1 appears at δ = 6.42 ppm (C 6 D 6 ) as a broad signal, while the corresponding protons in 2 give a broad signal at δ = 5.58 ppm [8] (Table 1). This upfield shift of 2 is caused by the donor effect of the additional NHC ligand. A related drastic upfield shift has also been observed in the CP/MAS 29 Si solid-state NMR spectra (δ = − 123.8 ppm for 1 vs. − 225.2 ppm for 2). The latter 29 Si NMR resonance of 2 is even more shifted than those of R py 2 SiH 2 Cl 2 (δ = −145 ∼ −152 ppm, R = 3-Br, 4-Me, 4-Et, 4-vinyl, 4-tBu, 4-NMe 2 ) [9 -12] . In line with that, the Si-H stretching vibration of 1 in the IR spectrum appears at a higher wave number (ν = 2214 cm −1 ) than that of 2 (ν = 2118 cm −1 ). The latter value is close to those observed for the related octahedral silicon compounds of the type R py 2 SiH 2 Cl 2 (ν = 2050 -2103 cm −1 ) [9 -12] .
Single crystals of 1 suitable for an X-ray diffraction analysis were obtained from a toluene solution at ambient temperature. The compound crystallizes in the tetragonal space group P4 2 2 1 2 ( Fig. 1 ). The Si atom is five-coordinated in a trigonal bipyramid with the two chlorine atoms in the axial positions. The NHC carbon atom and both SiH 2 hydrogen atoms occupy the equatorial positions. This coordination geometry is similar to those of (NHC)SiX 4 (X = Cl, Br) [14 -16] , but in sharp contrast to that of (NHC)SiF 4 [21] , where the NHC carbon atom resides in an axial position. The ClSi-Cl angle of 176.3(1) • in 1 indicates a slight distortion of the trigonal-bipyramidal geometry. Owing to the steric demand of the isopropyl substituents in [14, 16] . In contrast, the Si-Cl bonds (227.03(6) pm) in 1 are longer than the Si-Cl axial bonds in the (NHC)SiCl 4 system (219 -222 pm [14, 16] ). Single crystals of 2 suitable for X-ray diffraction analysis have been obtained from hexane solutions at ambient temperature. The molecular structure of 2 has already been reported [8] , revealing that the Si atom is six-coordinated, and the ligands are arranged in a distorted octahedral geometry with the two chlorine atoms and two NHC ligands in trans positions. While the SiCl distances in 2 are similar to those observed in 1, the Si-C distance of 204.9(2) pm is much longer than that in 1 (190.4(3) pm) owing to the higher coordination number of the silicon atom in 2.
Reaction of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene with H 2 Si(OTf) 2
Since the triflate group OTf is a better leaving group than chloride, we investigated the reaction of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene with H 2 Si(OTf) 2 [22] . When H 2 Si(OTf) 2 was treated with an equivalent of the NHC in toluene at room temperature, a colorless precipitate was formed immediately. The 1 H NMR spectrum of the resulting mixture showed the formation of the desired 1 : 1 adduct (NHC)SiH 2 (OTf) 2 (3), which could be isolated in 75 % yield (Scheme 3).
Unexpectedly, and in contrast to 1, compound 3 does not react with a second equivalent of NHC, presumably because of the steric demand of the two OTf groups. The 1 H NMR spectrum of 3 shows a signal for the SiH 2 protons at δ = 4.77 ppm (CD 2 Cl 2 ), exhibiting an upfield shift in comparison with that observed for 1 (6.42 ppm in C 6 D 6 ) ( Table 1 ). In con-Scheme 3. Formation of (NHC)SiH 2 (OTf) 2 (3). trast, the 29 Si NMR spectrum exhibits a downfield shift [δ = − 102.5 ppm in CD 2 Cl 2 vs. − 123.8 ppm for 1 (CP/MAS)]. Moreover, the valence vibration of Si-H in the IR spectrum of 3 (2211 cm −1 ) is slightly shifted to lower wave numbers (vs. 2214 cm −1 for 1). Obviously, the variation of these spectroscopic data in 3 is correlated with the weaker Si-OTf bonding in 3 as compared to the Si-Cl bonding in 1.
Compound 3 is insoluble in n-hexane and toluene, but soluble in dichloromethane. Single crystals of 3 suitable for X-ray diffraction analysis were obtained from a dichloromethane solution at ambient temperature. The compound crystallizes in the monoclinic space group C2/c (Fig. 2) . Similar to 1, the Si atom in 3 is five-coordinated in a distorted trigonalbipyramidal environment. The O1 and O2 atoms are located in the axial positions with an O1-Si1-O2 angle of 176.7(2) • , close to that in 1 (176.3(1) • ). The Si-C bond length of 190.1(4) pm is also close to that in 1 (190.4(3) pm) ( Table 1 ). Owing to the steric demand of the NHC ligand, the N1-C1-Si1-O1 torsion angle is 66.1 • . As expected, the Si-O distance (191.3(2) pm) in 3 is longer than those observed for related SiOTf containing compounds with four-coordinate silicon atoms [23 -25] , indicating a weaker covalent Si-O interaction due to the higher coordination number of the silicon atom. In line with that, the moderate solubility of 3 in toluene reflects a somewhat ionic character.
Reaction of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene with H 3 SiOTf
To compare the reactivity of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene toward other triflatesubstituted silanes, the silyltrifluoromethanesulfonate H 3 SiOTf [26] was synthesized, and its reactions with NHCs were examined. The equimolar reaction of the NHC with H 3 SiOTf in toluene led to the formation of the [(NHC)SiH 3 ] + (OTf − ) ion pair 4 in quantitative yield (Scheme 4). The 1 H NMR spectrum of 4 gives a singlet at δ = 3.69 ppm (CD 2 Cl 2 ) for the SiH 3 protons. The 29 Si NMR spectrum exhibits a downfield shifted resonance signal at δ = − 80.4 ppm as compared with that of the molecular, five-coordinate NHC-bis(triflato)silane adduct 3 (δ = − 102.5 ppm, Table 1 ), but a significant upfield shift as compared with donor-stabilized, four-coordinate silylium species [( Et NHC)SiMe 3 ] + I − ( Et NHC =1,3-diethylimidazol-2-ylidene) (δ = − 5.1 ppm) [16] .
The donor-stabilized parent silylium salt 4 is insoluble in hexane and toluene, but soluble in dichloromethane. Single crystals suitable for X-ray diffraction analysis could be grown from dichloromethane solutions. Compound 4 crystallizes in the orthorhombic space group Pbca (Fig. 3) . The structure comprises the four-coordinate silylium cation [(NHC)SiH 3 ] + and the OTf − anion and is thus significantly different from that of 3. The closest Si···O contact in 4 amounts to 266.1 pm. The silicon atom in 4 adopts a distorted tetrahedral coordination geometry. The Si-C distance of 192.0(2) pm is similar to that of the related five-coordinate silicon species 3 (190.1(4) pm) and 1 (190.4(3) pm) ( Table 1) .
Akin to the reactivity of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene towards 1, the equimolar reaction of the NHC with 4 led to the formation of the 2 : 1 coordination product (NHC) 2 SiH 3 (OTf) 5 (Scheme 4). Interestingly, the 1 H NMR spectrum of 5 exhibits a downfield shift for the SiH 3 protons (δ = 4.19 ppm) in comparison to that of 4 (δ = 3.69 ppm) ( Table 1) . As expected, the Si-H stretching vibration in the IR spectrum of 5 (ν = 2179 cm −1 ) appears at lower wave numbers compared with that in 4 (ν = 2230 cm −1 ) due to the increased coordination number of silicon. The 29 Si NMR spectrum of 5 exhibits a singlet at δ = − 171.0 ppm, consistent with the higher coordination number of the silicon atom in comparison to 4 (δ = − 80.4 ppm).
As expected, the donor-stabilized silylium ion pair 5 is insoluble in hexane and toluene, but soluble in dichloromethane, similar to the solubility of 4. Single crystals suitable for X-ray diffraction analysis of 5 were obtained from dichloromethane solutions. Compound 5 crystallizes in monoclinic space group P2 1 /n. The closest Si···O distance between the [(NHC) 2 SiH 3 ] + cation and the OTf − anion amounts to 723.6 pm (Fig. 4) .
The silicon center of the silylium cation of 5 is five-coordinated and adopts a distorted trigonalbipyramidal geometry. The two NHC molecules occupy the axial positions and the imidazol-like rings of the NHC ligands are tilted by 37.7 • with respect to each other. The C1-Si1-C28 bond angle of 178.0(1) • deviates only slightly from that in the ideal trigonalbipyramidal geometry. The two Si-C distances of 208.3(2) and 209.3(2) pm are significantly longer than that of 4 (192.0(2) pm) ( Table 1) , and even longer than those in 2 (204.9(2) pm [8] ) and in (NHC) 2 SiF 4 (av. 201.0(2) pm [21] ).
In summary, by examining the reactivity of 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene toward H 2 SiX 2 (X = Cl, OTf) and H 3 SiOTf we were able to synthesize the new series of tetra-, penta-and hexacoordinate NHC-hydrosilanes and their parent silylium complexes. The products 1, 3, 4 , and 5 could be fully characterized, including single-crystal X-ray diffraction analyses. Despite of the fact that the OTf substituent can serve as a good anionic leaving group, remarkably, the bis(triflato)silane forms only the covalent 1 : 1 adduct 3. In contrast, the silyltriflate is capable to produce the NHC-stabilized silylium ion pairs 4 (1 : 1 adduct) and 5 (2 : 1 adduct) with four-and fivecoordinate silicon atoms, respectively. All new complexes are expected to serve as promising precursors for the synthesis of value-added organosilicon compounds through reduction or ligand exchange. Respective investigations are currently in progress.
Experimental Section

General considerations
All experiments and manipulations were carried out under dry oxygen-free nitrogen using standard Schlenk techniques or in an MBraun inert atmosphere dry-box containing an atmosphere of purified nitrogen. Solvents were dried by standard methods and freshly distilled prior to use. The starting materials, H 2 Si(OTf) 2 [22] , H 3 Si(OTf) [26] and NHC [27] were prepared according to literature procedures. H 2 SiCl 2 (ABCR) was commercially available and used as received. The NMR spectra were recorded with Bruker spectrometers ARX200, AV400 and with residual solvent signals as internal reference ( 1 H and 13 C{H}) or with an external reference (SiMe 4 for 29 Si) . Abbreviations: s = singlet; d = doublet; t = triplet; sept = septet; m = multiplet; br = broad. Elemental analyses were performed on a FlashEA 1112 CHNS Analyzer. (+)-ESI mass spectra were measured on a Thermo Scientific LTQ orbitrap XL instrument. The infrared spectra were taken on a Nicolet Magna 750 spectrometer with nitrogen gas purge.
Synthesis of (NHC)SiH 2 Cl 2 (1)
A molar excess of SiH 2 Cl 2 was introduced into the solution of NHC (0.63 g, 1.6 mmol) in toluene (20 mL) at −10 • C. The reaction mixture was allowed to warm to room temperature and stirred at room temperature for 30 min. The excess of SiH 2 Cl 2 and the solvent were evaporated in a vacuum, and the residue was washed with n-hexane (5 mL) and extracted with toluene to afford compound 1 with a yield of 0.67 g (85 %). X-Ray-qualified single crystals were grown in toluene at 4 • C; m. p. 165 • C (decomposed 
Synthesis of (NHC) 2 SiH 2 Cl 2 (2)
To a solution of 1 (0.45 g, 0.92 mmol) in toluene (20 mL) was added a solution of NHC (0.36 g, 0.92 mmol) in toluene (10 mL) at room temperature under stirring. After 4 h the volatiles were evaporated, and the residue was extracted with n-hexane. From n-hexane the X-ray-qualified single crystals were obtained at room temperature. The collected crystals amounted to 0.70 g (0.80 mmol, 87 %). The analytical data for the isolated compound 2 (m. p., NMR data, MS, X-ray structure determination) are identical with those reported by Roesky and coworkers [8] . 
Synthesis of (NHC)SiH 2 (OTf) 2 (3)
Trifluoromethanesulfonic acid (0.30 mL, 98 %, d = 1.71 g mL −1 , 3.3 mmol) was dropped into diphenylsilane (0.32 mL, 97 %, d = 0.993 g mL −1 , 1.7 mmol) at 0 • C under stirrung. After 10 min a solution of NHC (0.65 g, 1.7 mmol) in toluene (50 mL) was added to the reaction mixture at room temperature. Large amounts of a precipitate formed immediately. The solvent toluene was separated away through filtration, and the residue was purified by recrystalllization from dichloromethane. The collected crystals amounted to 0.90 g (1.26 mmol, 75 %); m. p. 230 • C (decomp.). 
